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LATERITIC  ORE   DEPOSITS* 

With  Comments  on  the  Nature  of  l^terites  in  Ueneral 

By 
WILLKT  a.  MILLHR 

Altliiiu^'li  tiro  deposits  of  luti'ritiu  orifrin  do  not  occur  in  ('nnmla  llicv  arc,  at 
Ica'-t,  ot  economic  intcrot  licrc  Tlic  nickel  ores  of  New  Caledonia,  wliicli  lia.s 
lieeii  tile  oiilv  serious  I'onioctitor  with  .Sudlnirv,  and  the  nickeliferous  iron  ores 
of  Culiii.  the  production  of  wiiiili  may  iia\e  some  elVcci  on  tiic  output  of  Ihe  iron 
ores  of  the  F-ake  Superior  rej.'ion.  are  of  the  nature  of  hiterite. 

While  the  nanu'  lateriti."  was  introduced  o\er  a  eenlury  a^o,  isoV,  for  certain 
t-uperiicial  deposits,  red  '"  earth."  of  India,  from  wiiicii  hricks  (Idler,  a  hrick)  were 
iiiade.  it  is  oidv  within  the  hit  twci  decades  that  .lueful  study  lias  l)ej,'un  to 
lie  lertake;i  of  tiie  materials  to  which  the  name  has  liciii  more  or  less  loosely 
appli.  I.  I>urin;r  the  last  tei-  years,  a  nnmlicr  of  ])aper-  lealini:  with  lateiites  have 
heeii  ])ulilished  in  the  (ieolojiicai  Maiia/ine,  and  the  (ieulofiical  Survey  of  India 
has  L'iven  much  attention  to  tjic  iuhjcct.  It  would  appear,  however,  that  much 
systematic  work  remains  to  he  doiie. 

I..  I..  I'erinor  siivs  :  ].',.^y  iiiilioiil  niini'iiil  iniiiliir'ts  liiive  iilinisnl  riiDfc  yciiciiil  iiitcroMt 
111-  liccii  iiKive  pidvooalivo  of  iliM'iissiiHi  ;iiiiiiii(;st  j;i'(i'(i^ists  llian  tlliit  sii|M'rliriiil  iiick-fdi  m;i- 
liiiii  s(i  ly|iic:il  of  tl;e  trdpics  kiiinvii  lis  Ititciitc.  This  iiiiitcriid  exi'iti's  interest  not  iinl_, 
Ixcnusi'  of  its  C'lieniical  coniposition,  Imt  niso  on  ni'coinit  of  its  wide  disli  iliution.  it  Ikis 
liern  rerordcil,  for  iiistance.  from  'roiiic-nl  .South  .\ineric;i  ( e.;;.,  tlic  (SniiONis  and  Ttrii/il), 
''rntriil  Africa  (c-ii.,  Onini'a  and  East  Africn),  tlie  Scvi-licllcs,  Imliii,  .!»•  Mal:i\-  IN'ninsnlii, 
ilie  KasI  Indies  and  Western  Anstralia.  Manv  |)ii|n'rs  liitve  liecn  |ii  dislieil  ilciilin;;  willi  its 
ilistriliution,  coniposition.  and  also  its  ori"i;.  to  explain  whi<'li  many  liypidlieses  liave  lieeii 
iiiveiilecl.' 

I'l'om  foilowinj,'  ijuotations  concerninL.'  the  charac'er  of  lalcrite,  it  will  lio 
seen  iha!  oidv  twu  kinds  id'  suiicrlicial  wcatlii  ino'  of  silicate  rocks  hiixe  lieen 
recojrnized,  liy  writers  on  tlie  suliject,  viz.,  (1)  tlial  wiiich  oives  rise  to  .-o-calleil 
lateritc,  silica  ami  certain  other  constituents  heinir  practically  all  carried  olT  in 
Milutioi;.  and  ("il  wcatheriii,','  in  tem|iciale  climates  which  ^'iM's  rix'  to  clay,  in 
which  the  silica  remains  ci.mhiiied  with  alumina  and  water.  The  anil. or  desires 
to  point  out.  however,  that  there  are  at  least  ti'o  other  kinds  df  weatherinj:,  viz., 
(;i)  that  represented  !iy  the  nickel  ores  of  New  ('aledunia,  which  contain  a  eom- 
parativelv  hioli  perceiitaoe  of  silica  enmliined  with  mairnesium  and  other  elements, 
and  (  I  )  the  haiisite  de)iosits  of  Arkansas,  hiolu'r  in  silica  in  certain  of  their 
upper  lavcrs  than  in  the  hauxitc  helow.  Tallies  of  .inalyses  id'  liolh  the  \c\v 
Caledonia  nickel  ores  and  the  hauxites  of  Arkansas  are  jriven  on  follow  in.i:  i>a;:es. 
From  a  considoration  of  them  it  would  appear  that  the  present,  accepted  dednition 
ol'  'he  term  latei-ite  should  he  modilieil.  or  that  the  term  should  he  employed  only 
in    its   former   ii'Micral   or  >Iialii.'i'aphic  sens<'. 

A  hrief  description  of  the  lajeritic  deposits  of  the  several  nrtals,  that  occur 
in   imiiortaiit   ipiantities   in   such   deposits,   is   "iven   on    f'      .v:\uis   ]ia.ire>. 


A    paper   picscalcd   iMd'orc  Ihe   lioMil  SocirU    ol    Cioca.hi.  S.  . 
Mieid.   Ma-.   Vol.    \!II.   I!I11.  p.  4.-^  t. 
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Altliou;:li  tlu;  (  uhiin  ili'ixisits  liavc  lufii  stuilieil  oiilv  wii.iin  tlir  lu-t  ten 
viiits,  II  iiiiuli  more  systemalii-  iliciiii<iil  examination  has  lieen  iMiule  of  tliem  tliiui 
ol'  lateiites  in  any  otlicr  i>art  ol'  llie  wi.rl.l.  Indeotl.  inaitically  tlie  only  iml.lished 
unalvsts  of  laterilfs  at  \arioiw  deptii-  in  tlie  liep.'sits  ine  tlio-c  .if  Ciilia.  \\  ritefS 
on  ol!;er  (le|»i>it-!  liuve  liei'ii  eontent.  in  most  ca-es,  \„  j-ive  analyses  repre-eiitin)^ 
iiiorelv  the  upinr  |iuits  of  the  weatliered  material,  thus  iirnoiin;.'  the  faet  that 
there  is  no  sharp  line  of  division  lietwe.ii  the  more  hiiihly  oxidized  and  leached 
iii|i|iin;,'  and  the  underlyiiif,'  material.  As  -hown  in  a  follow  in;;  tahle  of  analyses,  a 
hii;h  |ieiienta;,'e  of  alumina,  for  example,  i-  eharaeteristie  of  oidy  a  foot  or  two 
of  the  uiijiermost  part  of  some  deposiit.*,  wlule  in  otli.  v  eases  it  extends  downward 
miiih  farthiT.  The  Jnost  deiniled  analyses  availahle.  tlio-e  of  Ciihan  de|M)sits,  35 
(.r  !'•  feet  in  thiekness.  that  ha\e  heen  made  of  >ain|.li  -.  leiueseiitin;:  eaeh  foot 
in  ihiekn.'so,  show  eharly  that  the  ehan;;''  in  ilieniieal  imnposition  is  gradual. 
The  n.mie  liiterite  should,  therefore,  no^  he  appli.il  merely  to  tlie  red-eol  ired 
Mirfaee  layers  of  the  deposits.  In  Culpa  iln'  iro'.-oic  .lepo-its  at  Mayari  arc  mined 
hy  steam-'slio\el  methods  to  an  avera-e  (hplli  of  al».ut  lit  feet.  The  upper  hiycr, 
5  or  (i  feet  in  thiekne-s,  is  of  u  erinison-hrown  hue:  the  middle  layer,  of  ^'reater 
thickness,  is  yellowish-lirown.  and  the  hiw  r  layi^r.  aUo  .">  or  l\  feet  thirk.  is  of  a 
lighter  simile  nf  yellowish-hrowii.  The  dilhTmre  in  .-olour  of  \\u-  layer-  is  due 
ehietly  to  the  stale  of  nxidatioii  of  the  i;  .11.  Imt  1-  al-.  intlueiHcd  hy  the  peiTmtage 
of  ainmina." 

.\s  a  menihcr  of  the  Hoyal  Ontario  Niik>l  (  nmini--.'>n.  he  author  \  i-ited 
hoth  (!ii'>a  and  Xew  CaleiKmia  duriiii;  the  year  I'.M  I.  l",e  ilepo-its  of  these 
two  widely  separated  islands  are  the  most  important  from  the  eroiioinie  [loint  of 
vieu  of  aiiv  of  tlio>e  yet  exploited.  Tt  may  !>.■  added  that  the  c-oLalt  depo-its  of 
N'ew  Caledonia,  also  oi  hiteritii'  or:, 'in.  coniidllcd  the  worldV  markets  for  the  ore 
of  this  metal,  prior  to  l'"!:;  when  those  of  Cohalt.  Ontario,  were  diseo\'  led. 

In  addition  to  thn-e  of  iron,  nickel  and  cohalt.  other  ores  (,r  lateniic  ori^'iii 
that  have  heen  worked  include  certain  man,!.'anese.  aliimiiiiim  (hauxite)  and  ;.'old 
deposits.  Lateritic  ores  emphasize  the  importance  of  the  iirneous  rocks,  especially, 
a-!  .    soure(>  of  metal?. 

Jn  discii->ions  which  have  taken  jilace  a>  to  the  iliniaclcr  of  laterite.  it  has 
liccii  ;;enerally  a,i;reed  that  the  term  s|i,,u[(l  he  ai>plieil  to  suhacrial  decomposition 
products  that  contain  a  low  pereenta^jc  of  comhined  silica,  existinir  as  hydrated 
.iluminiini  silicate,  as  contrasted  with  clays  of  similar  ori^rin.  Kcrmor  would 
limit  the  coniliined  -ilica  to  .")  jier  cent,  in  pure  laterite.  It  will  hi^  -.•en  from 
followini:  analyses  \  the  Cuhan  materials,  from  the  surface  to  a  depth  of  twenty 
fi'ct  or  more,  tahh  N'o.  1,  that  they  fall  within  Kcriiior's  cl.i»itication  of  hiterites. 
<»ii  the  other  haul,  the  Xi-w  Caledonia  nickel  <ire-  contain  from  :!."(  to  oO 
oer  cent,  of  .-ilica.  tahle  No.  i.  not  in  tlu!  for-  if  clav  hut  with  much  liydrated 
nickel    mairnesiiim    -i''  ale.      The    (piestion  .11     ari-es     a-     to      whi^ther     or 

not  these  Now  Caledonia  materials  should  lie  classed  as  latc.-ites  as  delined  by 
Termor  and  other  writers.  While  they  contain  iron  and  aluminum  in  the  form 
I',,  what  have  heen  called  true  laterites.  tiiey  dilTer  from  them  in  the  content 


.V   list    (if   piililicutiiiiis   Mil    the   ("ului'i   dcpnsit.s   is   jfivcn   iii   J.    F.   Kemp's   instructive 
■.  Tlie  M:iy;;ii    ln.ii-()i|.  l)i  |.^-its  .if  Culiit,  .\.I.M.K..  Vol.  M.  lOl.j. 


I'f  loiiiliiiHMl  silica  and  in  tlic  cuniiiaiiiiivcly  lii>.'li  iMTiciitn;;!'  i<{  niii;:iii'.in.  '['\u-*c 
iiiikil  nrc^  do  Hot  M'viu  to  li.iM'  iii'i'ii  coiisiilcr  I  li_v  liio  \ai'i"'M-  wiitoi'?  wlio 
Ikivl'  (li.-iiisscd  the  fiut'stion  "  V.hat    is  1   i     itr!-"' 


Laterlte  and  Clay 

[•"■■rinor   dulinc!!    lalcritc.   tiiid    di>tiiiv'iii>lir.    it,    from    rliiy.    in    ilir    f.  ,i..wiii:; 
\v..nls:_ 

Oiip  slidiilil  iifit  ili'i-Mc  wiu'tlicr  n  given  mck  is  latorilp  nn  ttic  liiisir^  (.f  tlic  luisi'iirc  or 
nU.'iiiT  (if  iiliiriiiiia  in  i|iiioitilv,  Imt  iin  fhf  |iTcscniM'  or  iilis.'iin-  of  iinv  (aii^iilciiil.lr  |,iiip.irli.iii 

of  coriiliini'il   silji'ii.     ('oniMiicil    sili.-ii    nii'iois   tin'   iircscnrc   of   knolin    or    lill fj,f I    .lio 

l!ir;{i>r  till'  ioiioioit  of  siirli  nmti'riiil  tho  closer  does  the  roek  iipiironcli  n  iliiv  in  conipositioii. 
Vow  eliivs"  nre  to  lie  reyiLileil  ;is  the  einl  |iriiilniM-  res'iltini;  from  one  inoile  of  sniiertiiiiil 
ileiornposition  of  rorks,  ionl  liilirites  ns  the  end  pni.liicts  of  nnother  toiiilly  ilislimt  inmle  of 

'1 n^position.     When  ii   roik   lireiiks  down   into   ii  i-lnii  Iivdiated   iiliiiniiiMiii   siliciito   'f  to   !io 

re-ardei!  ns  the  pnre  end  produet.  nil  oxioes  lieiiiu'  rennived  in  -ilion.  When  •  ick  'H 
oonvertod  into  Uitcritc,  on  the  oilier  linnd.  tho  reverse  liolds:    iilnnim  nn  nnd  othe  I'ntes 

le   deeoinposi'd.   nnd   the   silieiite   is    removed    in    solution.    pn-mmnlil,v    in    tli"   eolloii,        form. 

'hiNt  the  oxid  s  of  irnu,  nluDiinum,  titanium,  nnd  nmnyaiiese.  wliicii  wert-  jeliitivel.  aolnlilo 
under  the  eliiyforniiiig  eonditions,  ari'  relatively  iiisoliilde  under  laten!"fiiviMi'  ^  rniwlitions. 
The  oxides  of  caleiiin;.  maynesiiiiii.  Midiuni.  nnd  potassium  are  apparently  Mil.].'  under  Imth 
«els  of  eoiiilitions.  r  do  not  propose  to  advanee  lierj  any  re'iions  to  nnc  ,'  for  these  two 
.liverse  modes  of  surface  alteration  of  roeks.  inir  to  say  anytl  i  Jhmii  the  c  i-i  Ions,  whether 
clima'ie  or  or;;anii'.  that  lirin^  them  almut,  Init  to  deal  only  \  'he  results  i  •'  such  eliant;es. 

I'lni  cliiii,  then,  is  hydraled  alnniinei  ilieate,  whilst  pi.rr  hiliti.t  is  n  mixtUiO  oi'  .oc  or  nmre, 
or  nil,  of  the  oxides  of  iron,  aluiuinui.i.  titanium,  and  inansaia'se,  more  or  less  hydrali.l.  whirli 
I  refer  to  in  this  paper  as  tho  lateritic  eonstituents.  >ran;;aiiese  oxide  is  a  sona'what  exee|i- 
lional  constituent,  and  when  jiresent  usually  se;;regutes  into  masses  of  cuniparatively  rich 
nianyanese-ore,  as  a  rule  either  psilona'lane  or  pyrohisile.' 

('.  ^[.  Weld  ill  ilcscriliillif  tile  Culiail  ilepo-it-  uive*  a  deliliit  imi  cf  1  ti'l'ite 
.-iiiiihir  to  that  id'  |-"eriM(ir.  as  riiiluw-:  " 'J'iie  ore  is.  jn  fact,  a  latdiic.  a  |ir(Hliict 
iluc  to  till'  |icciiliaf  fonii  of  decoiiiposition  kiuiwn  as  latcrization,  wliidi  i<  cmhiiiioii 
to  liiiiiiicl  ti'o]iical  climate-.  Tlu'  osscntinl  iliaraiieristio  of  laterizaiion  i-  ilic 
lireakiiiLi-ii])  of  the  -ilicate-.  with  tlic  ultimate  almost  complete  removal  of  the 
silica,  wlici'ciii  it  (liller-  ra'lically  from  ilic  kaoliiii/ation-procc-  e-  of  the  lem- 
|iefale  /ones." ' 

III  order  lo  sliow  tlie  diirereiKc  in  tlie  jiroihicts  of  wcatlicrini:'  of  rocks  of 
similar  diaracttr  in  tropical  and  temperate  climates,  respectively.  Iliii:li  Wartli 
pulili-ljcd  some  intcrestin<i  analyses  of  dolcritcs  of  India  and  (ireat  l>iiiaiii  and  of 
their  wciithereil  proiliict>.'  Tln'  following'  tahle  -liou-  the  r(-iill<  i.f  anah>c>.  the 
comments  on  tl  c  tahle  heinj:  takfii  from  Warth's  paper: — 

Column  i  of  the  talile  represents  the  composition  of  the  ori;;iniil  Knwley  Keyis  rock, 
uliich  was  olitained  as  the  average  of  three  amilyses.  two  of  them  liv  ,1.  Jl.  ^Valler  and  a 
third  analysis  liy  Henry. 

f'oUimn  ii,  the  weathered   product   of   Kowley  Keyis    (.■-liaiii   drv). 

f'olumu  iii.  composition  of  Dolerite  from  I'oonah  on  the  Western  Chats  m  the  r!oni1)ay 
Piesidency  (analyseil  by  my  son  F.  .T.  Wioth.  XI. Sc). 

Column  iv,  the  composition  of  the  Laterite  which  rests  on  the  dolerite  at  J""  'lalialeshwar, 
which  is  also  situated  on  the  Western  (ijiats  (  >ee  ]i.  15."),  Dec  iv.  Vol.  X.  of  tins  Magazine, 
April,  100.".,  by  H.  &  V.  J.  Warth). 


"  I.e.,  clays  formed  in  situ  as  distinguished  fiom  those  <li 
'deol.   .May..   Vol.   VlIF,    liHI,  pji.  4.')!i,  4GII. 
=  .\.I.M.E..  Vol.  XL,  I).  .105. 
(leol.  May..  lilOj.  p.  i;i. 
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This  talilc  slions  tlio  stiikin;;  ilirtVriMicc  lictwocn  tlio  woiitlioiiiij;  of  tlie  Rowli'v  Rogis 
Doloiito  nii.l  that  of  tlio  Poleiitp  of  Pooiiali.  wliicli  so  far  may  icincsciit  the  whole  of  the 
Dei'oaii  Trap.  Whilst  the  Rowlcv  Rcuis  Dolorito  viohls  a  product  (coliiiim  ii)  wliii'li  difTcrs 
rnnipBrativoIv  little  from  the  ori..'iii»l  ro.k.  this  Dolcrito  of  the  Western  ChAts  is  altot;ether 
chanKeil  into  a  mixture  of  alumimim  liydrate  ami  ferrie  oxide,  the  most  remarkalde  fact 
beintr  the  iieai'y  ]ierfoct  removal  of  the  silica  in  the  latter  case.     ... 

Xo  chemical  reaction  is  known  whicli  can  account  for  sui'h  a  complete  removal  of  silica 
as  has  occurred  in  India,  neither  is  there  any  exi.lanatiou  why  such  a  reaction  shoul.l  work 
in  India  and  not  in  England.  The  oiilv  liyi.othesis  we  have  is  the  one  based  on  Mr.  T.  II. 
H(dland's  novel  and  ingenious  suggestimx  that  the  silica  might  lie  rendered  soluld(>  liy  lowly 
organisms  whi.di  can  thrive  in  the  uniformly  warm  climate  of  the  trojucs,  and  not  in  a  region 
of  lower  and  varving  temperature.  lIowev.T,  there  is  as  yet  no  actual  proot  for  this 
hvpothesis,  and  under  the  circunistanc.'s  it  may  not  l.e  inapjuopriate  once  again  'o  draw  the 
attention  of  chemists  to  this  remarkal.le  idienomenon  in  case  there  might  alter  all  l.e  a  strictly 
chemical  solution  of  the  jirobh'ni. 

Tliu  wcatliorcd  proiliut  from  Jiulia  iiifiy  1)0  ilassctl  as  bauxiie.  In  tho  I'mvlpy 
Rcffis  rock  there  is  no  tendciicx  towanls  the  funnation  ot  liaiixitc  Tlie  wfatlicred 
material  on  the  surface  of  tht  .lol.rite  in  tlio  hitter  lo.ality  has  a  thieknei^s  of 
about  twenty  feet. 

That  very  few  chemical  exaniiiiatioiis  of  laterites  have  hceii  made  till  recent 
years  is  shown  hy  the  followin,ir  quotation  from  T.  II.  ni.lland's  jiaper  ptihlished 
in  100:i.'  Laterites  had  been  frequently  described  as  ferrnLnnoiis  clays.  Holland 
says:  '"Dr.  Wartirs  suir?estion  naturally  occurred  to  me.  and  steps  were  taken 
to  investijiate  f!ie  chemical  constitution  of  laterite:  but  before  any  real  prosrress 
in  the  work  had  been  made.  Dr.  I?auer"s  paper  ajipeared.  and.  as  1  think,  prac- 
tically settled  the  question.  What  is  true  of  the  Seychellc  laterite  must,  so  far 
as  one  can  jml-v.  be  true  also  of  the  latcriti's  in  India  wbidi  have  not  been  sifted 
by  rimniiij:  water.'" 

l?e<'arding'  the  oriirin   of  laterites   TTolland    says: 


Xow.  putting  these  facts  together,  1  would  suggest  that  we  look  for  the  explanation  of 
laterite.  not  in  simiile  chemic'al  reactions,  lint  in  the  action  of  some  lowly  organism  having 
the  power  of  separating  the  alumina,  whi(di.  after  the  manner  of  many  idants.  it  does  not 
want,  from  the  silica,  which  is  necessary  for  its  life,  1  ut  which,  lieing  in  a  solulile  form,  is 
removed   again   Iiv   the   alkaline   sdutions.     Such   a   form    of   life   might    thrive    in    the   moist 


dim  at 
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the  tropics,  even  to  a  temperate  altitude,  lint   might  find  life  intoliMalde  in  a   land 
ere  winters,  such  as  we  g<'t    in   the  temperate  zone  and   in   Xorlh   Tmlia.  where 
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we  fiiiil  no  liitciitp.  Such  an  or),'!iiiisni  wixiM  form  kiniliir  ns  \\o\\  am  lutcritc  in  ii  moist,  warm 
cliniutp,  tlic  iliffcnMicc  in  l!io  prodiicfo  luin;;  duo  niotcly  to  tlioir  nt'tor  trciitniont  liy  wator. 
Kor  obvious  reasons,  too,  sucli  an  orjjanisni  coulil  not  livo  undor  cdnditions  of  l<ao1inization. 
Hut  apart  from  the  afjcncv  of  lifo  I  soo  no  clioniical  reason  wliv  an  aluminous  silieati'  sliould 
undcrjjo  a  nion'  eonipli'to  deccmiposition  at  tlie  comparatively  low  tiMuporature  of  tin-  tropics 
tlmn  at  the  liinh  tiMnperature  of  suliterranean  situations;  the  contrary,  indeed,  seems  more 
natural  And  if  the  temperature  (7o<.s-  so  affect  chemical  acticm  we  still  nii(.'ht  wonder  why 
laterite  does  not  occur  on  the  foot  hills  of  the  Himalayas,  where  then'  is  an  almndance  of 
moisture  and  where  the  averajje  annual  ti^mperature  is  as  hijih  as  on  th.'  Ndfjins  ("hemu-al 
changes  wldch  cease  at  low  temperatures  conunence  a^ain  as  soon  as  the  suitable  physical  cn- 

ditiiuis  are   restor.'d,   and   laterite,  coiscimMitly,   would   1 sprrWA   to   form   „,    North    India 

duriio.-  th..  summer.     Hut  the  distributi.m  of  an  organism   miuht   very  well   be  limited  by  tie 
extri'ines  of  climate,  when   possibly  the  av.ua-e  annual  lemperature  is  not   below  what   wmild 
0  coiitjenial  to  it  if  maintained.  ■■  .      ,, 

If  this  fancv  turns  out  to  be  widl  fimndcd  we  must  add  lat.'nzalKUi  to  the  hui};  list  ot 
trooical  .lis..ases'.  a-ainst  whi<di  even  the  very  rocks  are  not  safe.  Hut  it  is  a  bii;  J-top 
between  the  estaldishment  of  a  rea.sonable  suspicbm  and  the  actual  iletection  of  the  bacillus 
,„  work.  There  mav  be  many  forms  of  life  taUi.i;;  advantage  ot  the  so  t.  moist,  latent ic 
,n..diuni.  but  it  will  'not  be  an  easy  n.atfr  to  convict,  a.non;;st  these,  such  i,s  may  take  an 
active  part   in  breaking  up  the  aluminous  silicates. 

II  is  hard  to  believe  that  lh,>  few  de-rees  by  w''  h  a  tropical  ex,.eeds  a  fmperat.'  climate 
i,  sutlicient  to  so  strikingly  increase  the  chemical  acnvity  of  the  weak  organic  acids  peic.datiii« 
through  the  soil.  Hut  that  such  a  small  dilference  of  temperature  alTecis  h.w  t.onis  ot  lite 
is  painfully  evident  t.i  those  who  have  to  maintain  the  daily  h-ht  of  lit,'  m  the  tropics. 

Laterization  Conditions  in  Cuba  and  New  Caledonia 

\\  liile  reit;iiii  lVatur(>s  (if  Ciiliii  iii'e  similar  to  th.ise  til'  Nvw  laledoiiia.  both 
ueln-  i-U.n.ls  uiol  the  ..'■>•  Ivin;;-  nl.out  tlo'  simr  .li~lan.r  noftli  »(  \hc  e<,i.atur 
that  the  .dIoT  >l-"  tn  the  M.iitli,  tlie  temiioratiiiv  ami  niinrall.  larlu,-.  in  laleri/.ati.ni, 
are  .i.inewliat  ilillereiit.  'I'lir  lueaii  leini.eraluiv  ui  Culia  i>  .uiveu  as  Iti.N'.  llie 
|„ue-t  auTa-e  luruiTin-  in  .latniarv  wiieii  it  is  :».;!  an.l  llie  hiuiwsl  in  .Inly, 
uheii  it  i.-  ^--M  :  liie  avera-..  niinrall  I'm-  the  jniM  twmiy-lixe  years  lia>  lieeii  ^AJu 
hhIv-'  This  uMia-e  temiieiatm-e  ha-  ai.|iatviil ly  h,en  .leteMniiie,!  witlnmt  lakili- 
into  rnii-icK'mtinii  tliat  of  the  oreater  altiliHh-.  Tlir  mean  luinimuiii  ten.i.eraltnv 
„r  \,.w  Cale.hmia  i-  sin!  In  ho  l'-:'-  and  llie  mean  maxiiimm  ^:'.  i  heiwem  I'.i'i.^ 
and  i;»l-i  iheavera-e  rainlaU  wa~  ViX^  imhe-.  Imt  varie-  -reatiy  in  dillVivnt  yrai-. 
ia  i;iu>  beinir  W  inches  wliile  in  I'-Hl  it  wa~  I'.M."'  Tlieiv  is.  nf  .Mmr.e.  m.  n.  ans 
„(  ,K.„.,.nmnn-  «hat  chan.oes  base  taken  jda...  in  the  climates  uf  the  tu„  ,-lands 
(liirinL:  tlH^  va-t   iieri.i.l   in  whicli   lateri/alimi   has  heeii    in   jiniiiress. 

While  the  imie.-s  ul'  latefizat iup.  is  still  in  jirooress  .m  both  islands,  the 
;.'reatei-  part  nf  tbi'  deimsil^  was  fnrtned  Inii-  a-o.  \.  f.  Siien.er  says:  '•The 
re-idnal  ores  <if  (nba  were  r.inned  in  Tertiary  time,  in  bii-v  iiart.  and  perhaiis 
rliiiivly.  prior  to  the  deiHisition  .d'  the  Lafayette  (I'lineene)  rurmatiuii  of  the 
.Vllant'c  Coastal  plain."'  Tbo  basic  nuks  from  wbieli  the  ser|ientiiu.  of  New 
Caledonia    lias    been    derived    are   eonsidered    to    be    of    posl-Cretaee,ms    au'o. 

l.N-anlin^-  the  mode  of  formation  of  the  Ctibaii  ores.  C.  M.  Weld  has  said: 
".\t  the  same  time  there  is  no  reason  to  snpiioso  that  laterization  jn-ocesses  have 
ceased:  it  is  in  fact  probable  that  new  ores  ar.'  formin-  to-day  wherexer  opportunity 
rdTei-s.  "  Such  opportunity  may  be  .■onsideivd   ns  at    a   minimum  mi   th,.   plateau.^. 


■  OtiiHal    llaiidl k.   ••Cuba    Hefnie    Ihe    W.old.''    I'anama  I'acilic    Inlenialional    Kxposi- 

tioii,   T.'l.-.   \>.   --2. 

■  iiepeii    K"V,  tnit.  N'i.  r^aii..  p.  -1". 

'  OciMiMciM-c    Oii'lii    and   Cliaracter  id'   ihc   Sio  licial    IkmiOii's   id'   Caniai   "  v    and   Oricnie 
I'oKiiM.  s    Cib-i.' A  I. Ml-:..   Vid.   .M.ll.  p.    mil. 
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wliert'  heavy  mantles  of  material  lyiii;:  iiearlv  horizontally  elTectively  protect  the 
underlyiiiiT  roik  from  the  action  of  the  surface  waters.'"  The  oceurrenee  of  the 
Cuban  ores,  for  the  most  part,  on  plateaus  presents  a  ditTerence  from  that  of  the 
nickel  ores  of  Xew  Caledonia  which  are  found  on  hillsides.  Many  of  the  ser- 
pentine areas  of  the  latter  island  are  i)roken  and  dissected,  and  the  ])lateau  structure 
is  not  prominent.  Hence  there  has  been  more  working;  over  of  the  hiterite  in 
this  island  tlian  in  Cuba,  and  there  lias  been  more  ojiportunity  for  the  cuncentratidn 
of  the  nickel  contents,  the  metal  bein<r  first  Icaciied  out  by  water  and  then  deposited 
at  lower  levels  on  the  hillsides.  Fissures  in  the  rocks  also  assi>t  in  cunccntraiion 
of  the  nickel. 

In  licneral  nppearani-e  the  deposits  of  Cuba  and  Xew  Caledonia  present  a 
.>-trikiii:r  likeness,  oidy  chemical  analysis  l)riiijrs  out  the  fact  that  certain  of  tlie 
(iciKisits  of  the  latter  island  are  much  richer  in  nickel  than  any  of  those  discovered 
in  Cuba,  and  that  they  contain  a  hi>;h  percentap-  of  comliined  silica  and  nf 
niairnesia. 


Composition  of  Laterites 

Table  Xii.  1  show-  the  composition  of  latcritcs  from  se\eral  countries.  Tt 
lin«  iieeii  litiiipiled  fi'oni  varion-  |iublication:-.'  The  analyses  of  the  Xew  Caleiluiiia 
sanijiles  Were  kindly  made  for  llie  author  by  A.  I^.  (lark  of  Toronto.  In  certain 
I'a-e-  iiia,;;nesia  and  other  eciiisiiiiieiil-  while  ]ire:-ent  have  not  been  detci'niiiiei!. 
Much  more  mmplete  anaiyx'-  of  the  New  Caledonia  nickel  ores  are  uiveii  m 
table  No.  •>.  This  table  is  of  >pecial  interest,  owini;'  to  the  content  of  silica  Mini 
nia'jncsia  of  the  ores.  Tlie  eompor-ition  of  the  Xew  Caledonia  colialt  ores  is  i;iven 
in  table  Xo.  ?>.  that  of  the  Cuiian  iron  ores  in  talile  \o.  I.  manjranesc  ore<  nf 
India  in  Xo.  •>.  and  bauxite  or  aluminum  oics  of  .\rkaiisas  in  Xo.  C\. 


'Tlie   Rcm.IumI   Iniri  ()r.>  i.f  CuI.;!.   .\.1..\I.K..  VuI.   M,.   p.   -111. 

"Aiuilvsos   of   Culiaii   .saniiilcs   arc   taken    fidni    jiuliliiiilidiis    liy    Keni|i   and    liy    I.i'hli    nnd 

.Mcail,   to   wliii'li    rcfeiciH'c   is    maile    in    this    papi'i-;    tlie   analysis,    India    i  I  ),   is  <|nntrd    mi    a 

procedini;  jiajje:    that  of  India  (12)  is  (piotcd  liy  f'larkc.  data  of  (ten.  Clioni.,  ^Ird  Kd..  p.  4'.i.": 

lint   of    K.   (ininea    is   fr  :,\   A.    l.acroiN:    tlinsc  of    Hornco  uiiil   tlie   l'liili|ipiiu'   Ids.   are   finiii 

Itiiy.  Out.   Ni.  <'nni.   Kepoil.   pp.  JiKi  and   iTS. 
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TABLK  No.  1 
Analyses  of  Laterites  at  Various  Depths  from  Surface 

(Note  Content  of  Silica  and  Magnesia  in  New  Caledonia  Ores,  Table  No.  2.* 
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l.!l5 
l.ti'l 

o.:i7 

0..5!1 


o.:ili 


().0<) 
1.47 
0.*)2 
1.20 
0.41 


7.4!) 
2.1)5 
1.25 
2.10 
0.45 


2.4i( 
!.:») 


a.H4 
l.lili 


I.. 58 


1.74 


Nickel  Ores 

Now  CakMl-mia  has  lu'ci.  a  i.ru.liKcr  ..f  ).i<kel  oros  of  lateritin  origin  since 
IS")'  Similar  ores  in  anotiicr  Fr.'nrh  islan.l,  Madagascar,  have  attracted  atten- 
tion (luiin-  recent  years  Imt  little  minin.u'  has  been  .lone  there'.  Oarnierite  ores, 
like  tho«e  o"f   the  two  countries  just  mentioned,  have  also  l.een  shipped  from  (Jreece. 

New  Caledonia.  l.etw..en  latitude  '20=  5'  and  ':r  1(1'  S.  and  between  longitude 
1G4°  and  IfiT"  .50'  E..  has  a  length  of  about  -iM)  miles  and  an  average  breadth  -f 
less  than  .10  mil.s.  the  maximum  lieing  about  40.  Serpentine,  derived  from 
,,cridotites  and  other  basic  rocks,  oc.upics  about  one-third  of  the  surfa.e  of  tb.. 
island  Resting  in  situ  over  much  of  tlu'  surface  of  the  serpentine  are  lo„  . 
products    of    weathering    of    varying    thicknesses,    at    least    the    upper    parts  of 

'  Heport  Roy.  Ont.  Xi.  (^mi.,  i)|i.  i;:t4-2r.4. 
•Uiid.  pp.  27«),  •217. 
■  Ilii.l.  pp.  •2:-2-27r>. 
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\v"  ill),  us  sliiiwii  TrDiii  tlif  aiialvsc-  in  a  iircrcliii;.'  talilc  wmilil  1m'  callfl 
latiriti'.  Hut.  lakcii  as  a  wliolc,  tlicsc  prodiKts  ol'  wcatliiTiiiL'.  as  ilic  aiialysfs 
sliow,  tlilTiT  jrivatly,  ispt'iiallv  in  tlicir  ((piitcMt  n.  ((unlpincil  -ilica.  t'nmi  tlio^c 
tliat  have  liciMi  (losuril)C'il  as  tnii'  latoiitcs  I'l-  ,)tli'  cduntrit's.  Th'  ilso  dilT'  r 
from  (lavs  in  that  the  siliiu  docs  ii<,t,  cNist  jii  coniliiiiation  witli  the  iniina  luit 
with  itia.u'iifsiuin,  iiickol.  and  other  elcnionts,  (ho  liydratcd  iiickfl-u>a,i.Micsmin  silicate, 
n-arnicrite,   hcin"  tlie   liio>t    iniportani    economic  ennstitueiit. 

The  I'oMowinK  talde.  No.  •-',  ol'  analyses  of  ores,  that  ;'re  sliij>i)<'d  I'mn.  various 
loealilic-  ill  tlio  i>hind.  shows  a  >t'il<iiiLr  tlilTereiice.  in  llii'  hiL:h  |iercciita'.'es  oi' 
silica  and  iiiaL'iiesia.  and  the  com|iarati\cly  low  ]iercciita'.'cs  of  aliimina  and  iron. 
from  the  latcritic  irnii  ore-  nf  liilia,  I'dr  instance.  (Itlicr  aiialy> 's  are  j:iveii  in 
tahle    No.    1. 


Milling;    l.iiti'iili.-    Ni.  ;•!  I    Ore,    New    rii|,..lrniii. 

In  miiiiiii;'.  the  Mppcr  lay(M-  ol'  the  dc|H)>il>.  hiizh  in  iron  and  Inw  in  iiiai^iic  iii 
and  silica,  is  .-trijipcd  nil'.  This  layer,  as  shown  in  the  i;:-c  ol'  the  Kata\iti  mine, 
in  aiialvses  uiveii  in  lalile  Xn.  1.  is  soin.iimo  only  a  foot  or  two  in  thi<-k  s, 
hut  sometimes  niiuli  l:!.  ;""r.  Then  the  ore.  richer  in  nickel.  lyiiiL'  helow,  is 
excavated  down  to  a  |i.iiiir  wncre  the  I'ock  i)ccoincs  hard  and  compact.  The 
decomposed  rim.  of  a  thickness  (.f  iwn  i>\-  tiiri'c  iiuhe-  or  niori',  that  coats  the 
surface  of  li'  Ider-.  that  lie  m^ar  the  liotloin  of  il'e  loose  material.  i>  si^rajicd 
oil'  and  added  to  tlu"  ore  pile.  Th"  ore  is  piled  ill  small  heap.-,  carefully  sam|ded. 
and  the  lowcr-i;radc  on'  mixcil  with  the  hiiiiicr  >o  a-  to  form  a  product  containing:, 
as  the  tahle  >iiows.  an  a\era.i;e  o''  iiciil  >i\  per  cent,  of  nickel.  'I'lic  latciiiic  iron 
ore  is  not  used,  allliomih  it  occur-  in  ipianlil\  on  the  i>laiid  in  depo-it-  'aits  of 
wlinh   are   workalile   a-   >ource-   of   nickel    and   ci-cv  here. 

l>r.,J,;ii  ;i.;ii  of  nirli'i  fivi'  hi"ia:!  ill  Sudhurv  in  Isis".  Unl  til,,  '■onipclllion  witli 
\ew  Caledonia  wa<  o  keen  that  it  wa-  iioi  until  I'.m.'i  thai  Sinllmry  di'liiiltely 
outdi-taiu-cd    il>    ri\al.     With    Hie   cvcption   of   Siidlmry.    New   Caledonia    ha-    no 
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sorious  rival.     Thi.*   illustrates  sutli.it'iitly  the  ii!>iM)rtaii.r  d'  tlir   iiitfi-ilic-  iiitkrl 
deposits  of  the  island  coloii). 

Puriiif;  rocciit  years,  undi-i  i.onnal  eonditions.  the  luiniial  outimt  of  Xew 
Caledonia  is  between  "■.noO  and  (i.OOO  ions  of  inetallie  ni.k '1.  In  HMC.  Siidlmry 
l.foduced  ll.itOti  t.iiis.  an  al.normally  liijrli  output  due  to  d.'uuuids  eiviited  l.y 
the   war. 


Niikrl   Mini'  iit    l)iiinli('ii.  Xi'W  Calc 


Cubalt  Ores 

Tile  lateritie  cohiilt  ores  i>\'  New  Caledonia  (iccur  under  the  >iinie  (dnditions 
as  do  nian,;:anese  ores  of  India,  of  -iniilar  lU'iuin.  descrihed  liy  l-"ernicir  and  othrr<. 
While  tiie  eohalt  ores  are  of  indelinite  eiinipusitinn.  the  name  aslmliie  js  usually 
applied  to  them.  The  metals  cobalt  and  nianpincM'  are  carried  downward  in 
solutnm  and.  in  certain  cases,  throufrh  some  little  miderstood  cause,  linally  sc^jfre- 
fiate  into  nodules  and  irrejrular  veins  or  \einlets  in  the  mass  (d'  the  lalerite.  In 
so  far  as  the  author  observed,  deposits  <if  lalerite  that  are  worked  for  nickel  in 
New  Caledonia  have  not  been  worked  for  colialt.  altliou<.di  deposits  of  both  metab- 
in  s(mic  places  occur  close  tojrether.  as  at  Toro  on  the  east  coast  i>f  the  ishind. 
Coiialt  is  Ijccomin;.'  of  increasin;:  importance  as  a  constituent  of  alloy  stceU,  and 
probably  the  deposits  of  the  metal  in  New  Caledonia  will  a^'ain  liccoine  of  coiK.niie 
value,  especially  as  those  of  Cobalt.  Ontario,  are  of  decreasing:   importance. 

The    f(dlowin^'  analyso   of   Xew    Caledonia    coiialt    ore-   are   taken    from    E. 
Glassers  rotiort,'     Tbev  show  the  variable  conijiosition  of  the  ores. 


Rii'lHsscH   Miiii'iiiles   ili'   la    Xmivi'1lo-raU''ilcinie.    I'lois.    1!>04. 
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TABLK  No.  3 
Analyses  of  New  Caledonia  Cobalt  Ores 
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sio 5o.7.'>  :^^^M  ;{4.(io 

K,.,6,  ll.Stl  2tMH(  11. W 

Mn  () 14. (H)  :i()..'i(l  l!).(l.') 

.\1..() 


.M^'O  iiiiil  CiiO    

CdO    

XiO    

Wiitor.  etc'.,  los.-  nil   i};niti(iii  .. 


14.3(1 
2.0(1 


:j.()() 


().X(I  l.'j..')() 


l(i.4(l 

12.07 
14. (SO 


:i.x(i    ;     :{.(io 

1.(14  1.4S 

;t(l.(iK         3().!  5 


2.20 

2:{.0!» 

H.91 

1  (>.(!() 

;.3.H2 

17.  oil 

14.2«l 

io.no 

2.3X 

2.23 

7.-(i 

.-,..-;(. 

l.(i4 

1.4« 

2!l.20 

2;i.(HI 

Iron  Ores 

Wliilu  lateritiu  icon  ores  havi;  been  .-nulled  in  small  iiriniitive  riiiiiaros  in 
India  and  elsuwhiTO  l'<>r  a  l>ln^,'  iioriixl,  it  was  cmly  with  tl-  diMiivcn-  nt"  tlio  true 
cliarai'tiT  of  tlio  Cuban  dc|Mi«it<  and  tlicir  di'vcloiinuMit  that  ores  of  this  class  came 
to  iwcivc  due  aUcntioii.  In  three  or  Jour  area>  in  Cuba  that  have  been  carefully 
cxanunrd  there  are  estimated  U<  be  a  total  of  at  lea>t  ;!.()on.(»(i(i.()(M»  mns  of 
men  liniilable  ore  which  can  bo  mined  by  steam  .-Imvel  method-.  In  the  present 
W">rkin,;:s  the  ores  are  mined  to  an  avera.u'e  depth  of  abiMit  \'->  feet.  In  addition 
to  their  mode  of  oecurrenee  and  iiriLsin.  tlu-e  ores  aiv  nf  interot  owiui;  to  their 
cimtaininir  two  metals,  nickel  and  ehmmium.  of  i;reat  inipnrtaiice  in  alloy  steels. 
The  icmiiositioii  of  the  ores  is  -hdwii  in  lalile  No.  I.  .Sbi|iment-  of  tliese  ores 
to  the  I'ni'ed  .""itates  bc,i;an  early  in  I'-Mo.  The  nndnli/.cil  i>v  dehydrated  ore 
a\era.-es:  l-'e  5.5-.".t;  ]>vr  cent..  N'i  l-l.'-'.  Cr  about  I--.',  SiO,  1-1. 1.  AlJV,  ll-ll..". 
alisiirbed  water  ">-'■'>.''. 

Mure  ri'ccnily  lari:e  de]iiisit-  of  ores  oC  similar  charaetcr  and  ori.-in  have 
been  discovered  in  I'.orneo.  island  of  Scbuekoe.  where  the  ipiantity  is  c.-timalcd 
to  be  at  least  :iiHi.ii(Mi.(((K)  tons.  One  of  the  I'liilippinc  Nlands,  Mindanao,  has 
deiio>iTs  of  i-\cp  L;rcatcr  size.  ItiM.iKin.oiiO  tolls  or  more,  the  cliaracter  of  which 
was   I    t   rccoiriiizcd  till    I'-'l  I.' 

\Vhile  lateritic  iron  ores  have  now  been  jiroved  to  be  of  ^'reat  economic  im- 
portance, it  i-  intercstin.i:  to  note  that  scarcely  more  than  a  decade  a;ro  those  of 
a  countrv  as  acce-silde  as  Cuba  lay  with  their  importance  unreco;rni/.ed.  The 
character  of  the  small  nodules  of  ore  that  arc  found  at  the  surface  of  the  deposits 
was  known,  but  the  "red  earth"'  with  which  they  were  associated  was  thoUL'ht 
to  be  clav.     Almost  bv  accident  the  "clay  ''  was  discovered  to  be  valualile  iron  ore. 

T.ateritic  iron  ores  of  the  charaetcr  of  those  of  Cuba  are  to  lie  looked  for  in 
r\crv  trii]iical  coiintrv  where  liasic  rocks  have  been  subjected  io  proloii;;ed  weathcr- 
iiijr.     'i'lics,>  ores  arc  de-tiiicd  to  ]ilay  a  very  iiii]iortant  ])art   in  the  iron   industry. 

The  iicrccntap'  of  combined  silica  in  thi>  Cuban  depo-it>.  whether  they  are 
of  the  nature  of  laterites.  as  delincil  liy  Wermor.  or  whclher  they  are  of  the  nature 
of  ochre,  ferruiriuon-  clay,  was  for  a  time  of  jrreat  Iciral  imiiorlance.  The  title 
to  tlie  lands,  which  had  been  ai)])lied  for  or  deiioniiced  as  iron  ore  de|iosit«. 
depended  o;i   whether  the  ores   wen^  true   iron   ores  or  whether  ihcy   were  ochres 


'  S(".'  Kepiirt    Kciyiil  Out     Ni.  ('■ininiissinii    fur  suiiiiiiaiy  cl'  tlie  lileriitiire  uti    irmi   imcs  iif 
tlie  tliice  I'liiiiiti  io  iiiciit ieiii'il. 
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(liinonit.'  iiii.l  flav).'  EvidciMr  tliat  tlic  .Irpo-il-  ((.iiliiiiu'd  Hill.'  .(.nil.iiic.l  sillcn, 
clay.  conliiimMl  tho  titles  cf  tlios..  who  Im-I  ,li'immir,.,l  il.v  il.'i.-'-i'-  ''-^  i''""  '"''^ 
ajrainst  those  who  liad  (Iclioiinrcil  them   a^  oiluis. 

Tlu'  following  table  shows  the  character  of  the  ore  at  various  .l.'pths,  in  the 
Mayari  area:  ^^^j^^.  ^^   ^ 

Clirmi.i.l  Analvsrs  iSl.uwin-    Altcnitm,,   ,.f  S,.r,„.>,ti,„.   K.-l-   to  Iron  Or.   in 
tli<>  Miiviiri  l)i:-tri<'t.  Ciiliii.- 
Analypfs  suppllP'l  by  Siinnlsli-AnicrliMn  Iron  Cj>  

D^P'h.'    SiO        \1.0,    Fe.O,       i\-        M«0        Cr     Ni+Co       P  S       11.0+      Total 


0-  1 

1-  2 

2-  :« 

3-  I 

4-  5 

5-  « 

6-  7 

7-  « 

8-  !» 
ft-lo 

UMl 

11-12 

12-13 

i:i-14 

14-15 

IS-K) 

lfi-17 

17-lX 

18-19 

li»-20 

20-21 

21-22 

22-2S 

2;i-24 

24-2") 

25-2(i 

2ti-27 

27-28 

28-29 


2.58 
2.:i8 
l.()0 
1.42 
1.5(i 
2.9tl 
2.20 
2.'>X 

;i.  ,0 

2.44 
2.42 
2.72 
2.o(i 
2.-')2 
2.7<> 
2.78 
2.98 

:i.20 
:{.()() 

6.84 
7.44 
8.4() 
11.04 
15.80 
17.40 
22.. 54 
28.00 
:{5.04 
;}9.80 


15.71 
20.81 

I7.4:j 
14.2:{ 

8.47 
10.24 
8.29 
4.92 
7.25 
(i.91 
»>.:'.  1 
7.05 
(i.77 
0.2:! 
0..58 
(i..5:i 

ii.4;t 

5.. 53 
0.51 
8.49 
5.i:i 
4.99 
8.:i8 
4.70 
4.00 
4.. 57 
4.18 

2.:!:i 
l.:{9 


0().20 

04.70 

08.40 

08.70 

70.00 

72.:!5 

72.!Ht 

71.85 

71.55 

72.40 

71.40 

70.. 55 

70.20 

70.55 

71.85 

70.00 

1)9.8(1 

70.45 

09.20 

():{.:i5 

00.. 55 
57.80 

O"  :i 
o;i.9o 

02.90 
.50.25 
32.85 
18.25 
10.14 


40.37    . 

45.34    . 

47.81    . 

48.09    . 

49.40    . 

50.. 50    . 

51.00    . 

.50.28    , 

.50.15 

50.03 

49.94 

49.40 
40.08 
49.40 
.50.22 
48.98 
48.84 
49.32 
48.42 
44.32 
40.. 58 
40.47 
43.49 
44.02 
40.00 
35.12 
23.00 
12.78 
7.10 


0.00 

O.IIO 

0.00 

0..50 

0.49 

18.23 

27. :5 

33.09 


0.9'i 

O.iHi 

0.90 

1.04 

1.27 

1.00 

2.19 

2.19 

2.:9 

2. OS 

2.00 

2.08 

1.02 

1.85 

1.89 

2.10 

2.19 

2.00 

2.43 

2.51 

2.27 

2.10 

1.85 

:'.19 

1.85 

1.89 

1.12 

0.77 

0.20 


0.38 
0.33 
0.42 

o.:o 

0.01 

0.84 

1.09 

",.15 

1.14 

1.21 

1.30 

1.31 

1 .37 

1.41 

1.38 

1.33 

1.42 

1.35 

1.34 

1.30 

1.-57 

1.47 

1.74 

1.57 

1.43 

1.80 

1.43 

l.:;5 

0.97 


0.010 

0.022 

O.OlS 

0.019 

0.010 

0.010 

0.((ll7 

O.OtO 

0.0(0 

0.(MI5 

0.005 

0.(104 

0.004 

0.005 

0.007 

0.(ni7 

0.(.07 

0.007 

0.(05 

0.004 

0.003 

0.0(0 

0.0(2 

0.(03 

0.003 

0.002 

o.oo:') 

0.(01 

o.ool 


0.12 
0.12 
0.14 
0.10 
0.17 
0.20 
0.19 
0.14 
0.10 
0.10 
0.14 
0.15 

o.lo 

0.14 

0.21 

0.19 

0.19 

0.15 

0.01. 

0.08 

0.09 

0.08 

0.09 

0.(i9 

0.12 

0.00 

0.09 

0.00 

0.1.0 


10.20 
10.03 
9.15 
9.50 
10.14 
10.90 
11.35 
11.57 
12.12 
12.35 
12.40 
12.40 
13.. 50 
13.12 
l:>.45 
12.35 
12.. 57 
2.90 

■;.73 
1:^.80 

12.45 
12.1 1 
14.07 
11.73 
11.04 
13.05 
13.45 
14.2;i 
'3.31 


•to.  126 

99.9.52 
98.118 
95.429 
92.8:;6 
99.106 
98.217 
94.  .506 
97.916 
97 . 555 
!  10.035 
96.204 
90.124 
95.825 
97.127 
95.347 
95.. 587 
95.587 
95.935 
95.434 
95.. 503 
87.076 
99.272 
1(10.043 
99.843 
101.252 
99.953 
•9.981 
99.561 


Manjjanese  Ores 

Lat.Tiiie  nianoancsc  ores  of  Jodia.  althoii-h  of  nnirh  les~  impo-taiirr  tluin  ores 
of  the  ni.'tal  of  other  ori.irin.  are  of  mo.-li  interest.  Th.ir  wh\v  of  .Krurreii.e  (s 
similar  to  that  of  the  eohalt  ores  of  Xew  Caledonia. 

Ferilior  .«av.?:  .     .     niiiiciimw.  wlicn  prosont  in  tiitcritc  "suiiUy  ron.lcis  u>.lf  :■•■"■ 

spicuous  by  soKn-^atin;;-  into  forn,s.  ns  a  ral-  l.lnok  no,tulos  or  vrins  "»;  l'^'''''';';'"^;;'  '^^ 
pvrolnsile.  that  on,-  wonl,l  without  any  hesitation  call  man-a.iosr-ore.  It  '■"^'.\  ■"'^; 
rx.-..,,(  in  vnv  sn.all  qnantity  (or  in  proper  n,anj;anes...orrs).  to  l»...omo  l'l7;'  ''''";'''  ',; 
othrr  ro„sti(n..nts  of  lafrite.  so  as  to  for.n  intimato  n,ixtM,os  sM.ular  to  tl.oso  V!'",,  ,,,,,'.;  ,e 

-:.:;:;;;j:;:;:s:;^;:;;u:;:;.-'il:™,;;;t;:;;;::v:;  £  t ;  - 

■      ..     ...1   ..I,.,,, ;..,.,..    .,   c..U...t!vo  i.nT  pitrilioi!   ciiti   iMRf  I'1:"0(    in    ii.Him. 

^.   M.vnvi   ana    Moa   Tron-Oro   Dop.sils  of  Cnl.a.  A.l.M.K..  ^^"^^^^^^^^'''V'l'rJi;;,! 

(•i;n,a';o,isti,:s  an.l  Orij;in  of  tl,..  Hrow.,  Tron-Oros  of  Can.a;:....    an.l  Moa,  <  ul.a,  ll.ol.. 

^''-  V^;,!,;;;,,,,,,    ,,„„    .H.ln    ot    l.a.oril^,-    Iron    Oo.   „f    llaM,,,,    . •„....   C    K,    l.oi.l,    an,l 

W.  .1.  Mriol.  A.l.M.K...  Vol.  Mil.  I'.'l.-.  p.  :<■■ 

M.uioii,  (irol.   Surv.    liolia.    Vol.    N  X  .\  \  1 1 ,    p.   ■>!. 
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GULr 


MiiP  nf  Culm. 


Tlio  I'olluwiiij,'  tiil'k'  of  iiiialvsfs  is  tiikcii  fnnii  Kcriiior's  roport.' 

TABLK  No.  5 
Analyses  of  Lateritic  Manganese  Ores 

Shimoua 

15fl«:iuin     iSandur 

I  Hij-'luT  Ix)\ver 

siiMcIt'  uivs      ci'inlc  ores 

Manyanesc :\\  :i  -00. S           44-.'i()               lilMX  :i!).  47-')4.:iy 

Iron (1.1  -IN. 4            2-10              10-20  '.:fS-10.40 

■Silica O.f)  -  2.-)             1- !{                2-0  0.4:!-  1.00 

i'liospliunis 0.01-0.12  o.ol.j-o.iiiio  o.ol- 0.0  •..ol6-().03.3 

■li.i.l..  1..  :;s!i. 


IT 

The  situation  as  rugunU  man-aii.v.  .-p.viHli\  in  ih.^  lnit..l  Si.it.-.  i.-  n-w 
lerious,  an.l  i»  likely  to  c.mUiuu'  so  loi.^'  as  ti...  war  lasts.  \\y  far  i\u:  most 
iniportniit  producers 'of  nmnv'ni">i'  "r''>  nn-  South.. ni  l!u-sia.  Itriti-h  In.lia  an.l 
Brazil.  As  is  the  laso  of  ni.k.'l.  a  very  IVw  .ountri.-  -upply  the  gr.at.T  part  of 
the  w.jrlil's  refiuircments  for  luaii^'aue.-i'. 


Aluminum  Ores 

That  in  India  extensive  .lep.)sits  of  l.auxii.',  the  .hi.'f  ore  ..f  aimninuin.  are  of 
latcritie  orijiin  is  seen  from  the  t'oUowiuL': 

Son..'  v..,„s  I.H..  it  WHS  .li.,M.v.T.Ml  timt  lunny  ,.f  tli.'  latoritic  .I'posits  ..f  T -lia  iir.-  lii^'hly 


ii])k'.s 
limits:  — 

.,„  -y^fi-^  "^  -''•::■' 

•'''■\^'  '.'.'.'.'.'.'.......■■ •■>■-■-  '"  '•'••"•' 

'  '''■•     .  (1,0."    tf)       ^.ti") 

«iO=    ....-,;  .„  :.,„.7.j 

C.mi'iim' '    wiitiT    "'i  lii  I,,      lit 

Moistuu:    

.      f    \wi    ..ft..i-  i"iliiiiiitiiiii      Willi  llii'si'  nii.y  be 

,,j;;;:;;ir'S::,,y;;;.ri.:^;t'f -';;;;>:*  '  - " ' ' ' 

An.L.<i,..u  Lauxitos  ..f  ™..m..'.n.  »nMvs,.,l  „t  th,'  I>ni..M,i.l  I>i>..tutL.. 

...  4i  to  <;.". 

■M.o ■:  u>2\ 

^"'■-'>.    2u>    n 

'•"''' :;  t.)  i:-. 

'^'"-    ..  ii;  t.)  ;;>* 

"'•<>    .   .  n  to  10 

.\I.ii>1iiiv     

Two  K;,liii  l.ii.ixit.'s  -iivi>  tli.'  followin-  ioiiilvscs:—  ^_^^    ^  ^_^^  ^ 

'«''.4S  'i'fi: 

''"^    .i:;s  ^.'2r, 

*^|<*^    i.i:!s  Eii.**- 

H,()  '■• 

From  tl,.-..  fi.'uros  it  will  1...  s.-n  tlK.t  th.^  T.ala-1'at  an.l  .rablmlp.MV  laaxiL's  ar..  ..f  very 
hl..h,'?.M.       Til   r."  ..■....,.   alsu   tn   1...   littl..   .l.H.l.t    that   larj;."   .,uaut,t,..s   ut    tli.-   nniH.al    are 

l::^nab;oa,i,l   ,;;.;. •.unni..n.ial   fr-asihilitv   ,.f   .nakia.   as,.   .,f   ,li,.s,.  .l..,„si,s   lias  s..,,,a.M.ly 

lii...a  uii.l.M-  iiiv.'stit;atii>n  fur  some  v.'ais.' 

\Vhile  not  ,l..alin2  si...,ili..allv  witli  tli..  .•liara.t..r  .i"  cri-in  of  lat..ril.-^.  W.  J. 
Mv.uV  in  lii-  p.il"''-  ""  '!"■  ••<>'•'■" nvn...  an.l  Ori-in  ..f  the  IJanxit,.  |...iios,N  ..f 
.\rkan-a<'-  furnislu.s  data  that  make  the  atfrni-i  t..  .l.^lin..  an.l  .iasMfy  latentes 
.till  more  ditli.nlt.  Tt  will  )«■  s,.en  from  th..  f..ll..win^  n..t..s  fr.m.  M..a.rs  paper 
that  the  hauNil..  i^  a  pr.i.hi.t  of  uvatiu'riM-  ..f  n,.|.l,l.-ii..  sy.nit...  Mon-..v,^r.  the 
analyses   sl,..w  that  the  upper  layers   ,^^^ep.^s^.rmed    in^.tu.  are  tn^e 

rR,,,„,,is  (i..„l.  S.nv.  ..f   T.;Ti^'v7,l.   XLVI.    IIM.'..    |.p.   C^S,   220. 
'Y.c.  Oonhtny.  VM'k   ]<]>■   -^  ''4- 


IS 

i.n«sifii'(l  n«  flnv*.  wliili'  Inwcr  Inycr*",  with  tln'ir  liij.'lt  <ont('iit  of  liaiixitc  niul  low 
por(M'iitn>.'('  of  nilicii,  aii-iinliiiir  t<>  llif  ili  li'iilioiis  |irii|MiMMl  liv  iiin«t  writers,  aro 
to  1«'  i'l;i<M'il  n>i  Intfritrs.  Tursi'  liiniviti'-lnililiii'.'  il<'|i(i>.its,  tlicrcfuit',  ccni-idiTi'd 
as  n  wlioli',  ciiiiiKit  Ih'  (iasM'il  as  I'llur  latiiiti'  or  day. 

Jlead  says;  i(  n|i|«'iiis  tlmt  nnrniiil  wi'iilliiiini,'  nf  tin'  s.vriiili'  Id  kiidliri  lunl  nllii'J 
ruiiicnils  liiis  >ini|il.v  r'r)iitiiiii<'il  (iiii'  Htcp  fiirtliiM  in  liii'iikiiiu  ilfiwii  tlicsi'  livilmns  aliiniiiium 
■  ilicHti'H  to  liviliMiis  iiliiniinum  oxiilr. 

Downward  Secondary  l-nrlchment  of  Alumina 

Tho    liip    piiiiidM    df   till'   liiuixi'  •    cli'|id!.il?i    is   i'liiir:ii-li'ii«lii--ill>  liiylicr    in    silicii    tlinii    tlio 

bnuxilc  lii'IdW.      In  nianv  instain'c.'     t   has  liri'ii  nr('i's.<»rv  to  irnnivi'  tin'  ii('|n'r  riulitcni  inclii'i 

or   Ittci    t'i'ct    nt    liii;li    ["ilii'a    on'   Im'omi     iniiiiny.   tlin'>   aililin^    yti'i''  Oi    thi'    ininin;;    co^t.      A 

t;.|iii'Ml  inslnni'i'  is  sliowii  in  tin'  folldwiiiL,  InMi'  nt'  an»l.\"r!«  nf  n  ~.  lii's  oi'  Mnrniilis  t'lmn  a 
ti'st  pit  in  lianxilc. 


Mnikr.l. 


SiOj 


3'-  f)' 

24. (T) 

5'-  «' 

i:i..">4 

7'-  !(' 

I4.t):{ 

•r-Il' 

7.7:i 

ii'-i.r 

i:v-i5' 

<t.i)(i 

<».«.") 

l.V-17' 

<(.tN) 

17'-l<»' 

i:i.2!i 

19' -21'  

11. «N 

21' -2)1' 

7.(18 

2:i'  -'y 

tj.h4 

25' -27' 

7.3:{ 

27'-2<l' 

,-,.52 

2<i'-:{r 

5.70 
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I",  () 


4.,s4 

:i.l4 
:!.24 
2.  tin 
:t.lii 
!..-)« I 
2.i(<t 

2.:v> 

2.11 
2..")7 
2.02 
:».(i4 
2.1t> 
2.11 


TiO, 


1.5 
1.5 

l.:t 
1.4 
1.7 
l.ti 
l.« 
l.X 
2.tt 
1.7 
1.7 
2.K 
l.!l 


i.d>!4  dn 

,\i(),  iivDin 

i;nitida. 

22.<t7 

4li.li4 

27.52 

54.:io 

2S.22 

.52.41 

:!(i.:;(i 

57.  (m 

2!l.lt4 

5(i.41 

2<I.X!l 

57.  Hi 

2<t.5t) 

.5(i.7(i 

27.<HI 

.54.!Mt 

2«.44 

55.77 

:ill.25 

5S.liit 

l!l.!>l 

.=)!(.  5:i 

Ml.ti:! 

57.::o 

:((.()!• 

.5S.!*;! 

:i(»..5;i 

5!i.-;(i 

TIlis  iniTi'asi'  in  silica  tmvnr.l  tlir  »Mit'iii-i'  nniy  lie  ilno  to  :<<'  ;-.-'ik(I  duwawanl  sir'U'dnry 
Cdiinnti-atidii  of  alnniina.  Tlidsc  |i<iiti<ins  of  kaolin  ami  hi'll'iv-iO'  "lii'-li  pi'isist  nl'.''  tlio 
main  pdi-tidn  df  tlio  kaolini/pil  svcTiit;'  li.'is  been  altcrcil  td  '■'•■ni;  •  imc  tlio  ilcnsi'  iniiM'  ■  ins 
pails,  liaaxitc  is  soliiMp  in  surfni'c  snhitioa  to  a  I'i'itaia  osu:".  uul  on  licin;;  dissohcil  ami 
carried  dowiiHartl  li'aves  tlio  kadliii  aii'l  licm-c  the  silic.  in  reNil'cM'lv  Iiiylier  percenlriire  !■'  »lio 
cart'ace.  The  alaiiiina  carried  cliiwn  is  depo^iled  l.ehiw.  assistin;;  in  llie  formalion  of  (ho 
pisolitex. 

"\'arious  writers  on  tin'  L'eii|iii:y  of  Imlia  liaxc  r-li.nvii  the  uiiie  dislriliulion  of 
liaiixitc  ill  that  c-ouiitry  ami  !ia\e  ('iii]>iia-i/.cil  the  fait  liiat  liaiixite  is  a  '.a'icty 
of  latorito.  That  the  (li'|H»it-  of  .\rl<aii>a-  an'  of  .'.'icai  liii])ortaii(i'  is  s!ii  wii  liy 
tJH'  fai-t  tliat  over  S(i  imt  iM'iit.  of  ilie  Inv^r  jiroihntion  -if  hauvitc  in  the  rii'tod 
States,  iliirin;:  the   live  years   iqi  to    1!115.  caiiie   from   tuat    State. 


Qold  Ores 

Aiiioiid-  tlie  most,  interesting'  i!esiri|ilioiis  of  laleiii:.-  :;oiil  (|e|po>ilr.  fi'e  ;liosc 
of  Rriti-li  (Jhiana  hv  .T.  I!.  il.uTi-oii.'  Tlu'  folhiwinir  i|;i.>iaiions  from  thi-  .Mi'hor 
.show  tile  character  of  the  di  i)o>its. 


'Till'  (ieold-v   of   the  (ioldtlelds   ■•f    Hritisji   fli.iiii.a.    \'.>Ci<. 


nvHU.  ^v^<v^ 
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Thi'  ilinlmiM'  ititninloiiii  occt  in  l»'ltii,  KcniTiilly  strrtchinu  nrriHtH  the  rolony  in  a  north- 
wpnti-rly  iiml  iioiithfuiitrrly  ilirwtion.  TIip  intrinionii  v«ry  from  nni  i>\\  clykrK,  »nly  fxposcj 
in  thi'  cnurwn  "f  the  rivor*  during  vi'ry  ilry  wiiiMinii.  mmi'  Iwinu  mil  niciri'  Ihim  from  two  to 
thrr-p  fwt  ai'T'  <,  to  low  hilln  and  to  moiintiiin  rniiucii.  Hcinit'  of  whicli  — for  rxiimplf,  thi'  Kn^li' 
mountninii  in  iho  Potnro  roM  ilintrict— cxi'itiI  in  hfiuht  two  thouminil  fi-i-t.  Thi>  top*  iinc\ 
■iileH  of  the  hilln  lui'l  moiintiiinn,  cxropt  whiTc  thi'v  hiivi-  KuffcriMl  yri'iit  ili'ninliilion,  iiro 
coviTcd  vilh  li.inKt.in.'  cmvi-l,  while  thi-  lowrr  pnrto  of  the  .lintrictx  in  whi.h  .linlmHf  fornm 
the  rountrv  nn-  i-ovcrc.l  up  with  strata  «t  latiTiti-,  f rrfpicntly  ovi-r  one  huinlrv.l  tvr\  in  .Icpth, 
fiml  ill  iilnn-K  intcrmxTwil  with  n«>Kt(i  of  soi-onilary  qimrtz,  or  travfrwil  liy  vi-iiin  aii.l  »tnnt.H'r» 


fiml  ill  iilnn-K  intcrmxTwil  with  n«>Kt(i  of  soi-onilary  qimrtz,  or  travfrwu  \>y  v.-in«  aii.i  !.irin»;i.. 
of  (iiiartz.  or,  'no  often,  liv  lenticular  layers  of  wnin.lary  <iuarlz,  ch.stly  re«>mt.liin.'.  when 
cut  fHrouKh  liv  ininiiiK  nhnfts,  tunnels  an.l  trenclieti,  true  ciunrtzreefi..  The  cpinrtz  rock  in 
all  .  .Ke  forniH  is  not  unfre<iuentlv  auriferous,  the  metal  In-init  .lis|>eri«il  thn.i  -'h  it  in  n  ver" 
irrei{iilnr  niann.-r,  esiM-ciallv  in  the  larger  lenticular  layers,  which  in  many  piuis  are  neiirli 
or    even    entirelv,    l.arren    of    uoM.    ami    in    others    pre    'MH.nan/.as "    carryinj,'    i.t    rales    froi 


ery 

y, 

rom 

rock. 

is  no 


il   len- 
rrence 


twenlv  to,  in  i.lares.  several  luimlrecls  of  ounces  of  the  pr-cious  mela:  to  the  •  >n  of  th< 
rnfortunatelv  hitherto  these  l.onnn/as  have  prove.l  few  an.l  far  lK>tween:  l.ut  then 
reason  for  assuming  that  they  will  not  ).e  foun.l  in  nui.iy  places  in  the  '■'''•■":';""  'y;''  '■,„" 

laterite  .leposils  which  up  to  the  present  has  not  IsK-n  pros, e.l,  as  they    '"V     '     "/"nuLl eU 

places  at  intervals  in  the  past.     Ool.l  also  occurs  as  paint  KoUl.  as  k"''!  '1"  ^  '"">  •'■'  ""k-i-'^" 
of  varvinc  sizes  in  the  laterite.'  ....  ,   .        i  i  ..  i., 

\o  .martz  veins  occur  in  the  .lial.ase,  whilst  in  the  unaltered  epido.rite  an,l  hornl.h-n.le- 
schist  onlv,  as  a  rule,  narrow  veins  and  strincers  of  .piartz  arc  found.     Hut   veins 
ticular  nmsses  of  quartz  which  are,  not  unfr.H|uently,  rich  in  ^old  are  nt  common  . 
in  the  deconipositionproducts  <.f  the  epidiorite,  hornldende  schist  and  ilialiuse. 

Where  the  countrv  rock  lr;iverse.l  liy  these  veins  has  ilcci>mpose<l  to  a  Kreat  depth  their 
size  hiis  l,een  lar«elv  increased,  havinu  been  added  to  l.y  silii-a  dissolved  from  th  decomposing 
rocks  l.v  percolatinl'  waters.  .\t  the  same  time  as  silica  was  thus  deposited  a  concentration 
ami  .lepositioii  of  tin  nold  containe.l  in  the  <1econiposin|;  rocks  took  place,  ami  thus  he 
.luartz  veins  iM-came  cmiched  in  this  metal  in  proportions  varyiiid  with  those  I'"'"''"*  '"  "^ 
country  rock,  with  the  result  that  the  veins  found  in  dec  posed  ep.d.on  e  and  liornldondi- 
schist  are.  as  a  rule,  richer  in  ^old  th.in  are  those  found  in  .1. mposed  aculie  rocks 

The   veins    of   quartz    whici     traverse    the    darkrcl    decompositionp'o.luct.s   of    the   l.asir 
rocks  are  frequently  very  rich  in  «.dd  at  and  near  their  outcrops,  these  parts  Ihmi.k  tar  more 
auriferous  than   are  the   -emainini;  portions  of  the  veins 
these  veins  are  often  highly  auriferous.* 


Similarly  the  talcose  selvaiJiea  of 


■  Ihid.,  pp.  22,  2X 
'  Tbid.,  p.  18t>. 
» Ibid.,  pp.  186,  187. 
'  Ibid.,  p.  187. 


